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AbStract: A computational-fluid-dynamics (CFD) method solving a set ofNavier-Stokes equations and
adopting a diffuse-interface model (DIM) is applied to isothermal and thermal incompressible
two-phase flows with hig density ratios. In the DIM, utilizing the free-energy approach for a
non-equilibrium mesoscopic system, a fluid-fluid interface is assumed as an artificially-enlarged fmite
volumetric zone across which the physical properties vary continuously. The major findings from the
CFD simulations are as follows: (1) the DIMmethod predicts well the motion oftwo-dimensional liquid
column on a solid wall under gravity; (2) there are good agreements between the numerical results and
the theoretical solutions in two-dimensional capillarity-driven gas-liquid flows between parallel plates
with hydrophilic surfaces; (3) it also predicts qualitatively well $2D$ single bubble motion in a liquid with
temperamre gradient under no gravity caused by heterogeneous surface-tension force. These results
prove that the DIM is one of useful interface models for numerically analyzing the two-phase flows.
Key words: Computational fluid dynamics, Phase-field model, Interface tracking, Contact line,
Wetting, Thermo-capillary force
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$arrow)P$ , (1) $\phi$ $\rho$ (3)$,(9)(10)$ .
$P\equiv(p-\kappa\rho\nabla^{2}\rho-\frac{\kappa}{2}|\nabla\rho|^{2})I+\kappa\nabla\rho\otimes\nabla\rho$ (3)
I 2 , $p$ ( )




$P_{N}$ $P_{T}$ $P$ ( $\xi$ ).
(3) $\rho$ $(\xi$ $)=$ constant ,
(5) (3)$,(9)$ .
$\sigma\equiv\kappa g(\frac{\partial\rho}{\partial\xi})^{2}d\xi$ (5)
, $\sigma$ , $\eta$ (2) $P$




DIM (4)(6)(9),(10), (12)$-(17)$ , , (1)
. , -
, (one-field model formulation)
, , (4)$,(11)$ .
$\nabla\cdot u=0$ (6)
$\rho(\frac{\partial u}{\partial t}+u\cdot\nabla u)=\nabla\cdot(-P+\tau)+(\rho-\rho_{c})g$ (7)
$\frac{\partial\phi}{\partial t}+\nabla\cdot[\phi u-\Gamma(\phi)\nabla\eta]=0$ (8)
$u$ , (7) $\tau$ , $g$ , $\rho$
. Calm-Hilliard (CH) (8) $\Gamma$( $\phi$
. (7) $P$ (8) $\eta$ (3) (2) .
$\rho$ , (12) , (G) (L) 6
$\rho_{L}(l\mathfrak{B}<\rho_{L})$
$\phi$ (12). $\tau$ Newton
, $\mu$ $\mu_{L}$ , $\rho$
(12).
$\tau=\mu(\nabla u+\nabla u^{T})$ (9)
$\mu=\frac{\mu_{L}-\mu_{G}}{\rho_{L}-\rho_{G}}(\rho-\rho_{G})+\mu_{G}$ (10)
, (7) 2 $($5 $)$ .
$-\nabla\cdot P=-\nabla p+\rho\kappa_{s}\nabla\nabla^{2}\rho$ (11)
2 .
CH (8) , van der Waals
$\eta$ , $\Gamma$ $(\phi$ $)$ (4)-(6),(12).
$\Gamma(\phi)=\Gamma_{0}\phi$ (12)




(14) $P‘=p-\kappa_{S}\nabla^{2}\rho+\kappa_{\llcorner}\tau|\nabla A^{2}/2$ (4),(12),
Continuum Surface
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Force (CSF) (6)$,(13)$ , $\psi$ $\phi$ 4 (13)$,(14)$ , $P$






(5). We ing potential $\gamma_{S}$ ,
(14)$-(16)$ .
$\Psi_{sol_{t}d}\equiv-\mathfrak{g}\gamma_{S}\phi dS$ , (14)
( ) , $\gamma_{S}=0$
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(18) $T$ (19) .
$\rho(\frac{\partial u}{\partial t}+u\cdot\nabla u)=-\nabla p+\nabla\cdot\tau+\rho\nabla[\nabla\cdot(\kappa_{s},(T)\nabla\rho)]$ (18)
$\frac{\partial T}{\partial t}+\nabla\cdot(Tu)=\nabla\cdot(\alpha\nabla T)$ (19)
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(5) . 2 $K_{T}$ . $\sigma$ $T$ $\sigma$T
$=dddT$ , $K_{T}$ .
$\sigma_{T}\equiv\frac{d}{dT}[\int_{-\infty}^{+\infty}\kappa_{s}.(T)(\frac{\partial\rho}{\partial\xi})^{2}d\xi]=K_{T}\int_{r}^{+\infty}(\frac{\partial\rho}{\partial\xi})^{2}d\xi$ (22)
, $\xi$ (5) , $\sigma_{T}$ $T$ $\xi$
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3 $(x, y, z)$ $\Delta$x$=\Delta_{\Gamma^{-}}\Delta z=1$
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, $u$ $\phi$ $\Delta$ -cOnstant 2 Runge-Kutta .
(7) (18) CH (8)
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801.7, $\mu_{L}/\kappa=73.76$ . 90 ( (13)
$\gamma_{S}=0)$ . , $n^{2}=h/a=2$ ( $h$ : , $a$ : )
.
, $t=0$ $\rho$ $>\kappa$ $g$
. $a$ $146mm$ .
Fig. l , 0. $1s,$ $0.2s,$ $0.3s$ $t^{*}=t(n^{2}|g|/a)^{0.5}$
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$40\Delta\kappa,$ $60\Delta x)$ . ,
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($a$) $a=20\Delta\kappa$ ($b$) $a\triangleleft-0\Delta\kappa$ ($c$) $a=60\Delta\kappa$
Fig. 1 The snapshot of the collapsing liquid column at time $t^{*}=t(n^{2}|g|/a)^{0.5}(n^{2}=h/a=2)$ .
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( ) , . , $\rho=$
( $+\rho$L)/2 ($z$ ) $s$ $\nabla$
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(5). , DIM (24),
.
(a) $\theta_{W}=61^{Q}$ (b) $=56^{o}$
Fig. 2 Snapshots of the liquid permeating the gap between $2D$ parallel plates
under no gravity at dimensionless time $t^{*}$ .
(a) The interface position (b) The moving velocity of the interface
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. , , , $\rho_{L}/k^{=804.3},$ $\mu_{L}/\kappa=429.2$ , $\alpha_{L}/\alpha_{t}=1.0$
$(\rho_{L}=1.0, \mu_{L}=1.490\cross 10^{2}, \alpha_{L}=1.627x10^{-4})$ . $\sigma$ $T$
( (22) $\sigma$T $=_{-}2.082\cross 10^{3}$) ,
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$\nabla$T$\infty$$=(T_{2}- T_{1})/(146\Delta \mathfrak{r})$ , $d=20\Delta\kappa$ 2
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$u_{0}= \frac{|\sigma_{r}\nabla T_{\infty}|R}{\mu_{L}}$ (27)
, $u_{0}$ , $R$ $d/2=10$ . , $Ma$
$=588.5,$ $Pr=91.5$ , $We=3.43x10^{-2}(u_{0}=9.575x10^{-3})$ .




. Fig. 5 (a),
(b) , . $r^{*}=1$
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. , 2 ,
(17)
. , Level-set 3 $(Ma=452,$ $Pr=91.5$ ,
$We=0.021)$ (25)





Fig.4 The flow velocity and temperature distributions around the $2D$ single bubble with initial
diameter $d$ moving in a liquid due to thermo-capillary force under no gravity at
dimensionless time $t=(u_{0}/d)t$ , for $Ma=588.5,$ $Pr=91.5$ and $We=3.43$ xl $0^{-2}$ .
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(a) The moving distance of the bubble (b) The moving velocity of the bubble
Fig.5 The motion of the $2D$ single bubble due to thermo-capillary force for $Ma=588.5,$ $Pr=$
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